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BACKGROUND OF THE INVENTION 

Field of The Invention 

[0001] This invention pertains to technologies for alerting a vehicle operator potentially 
hazardous traffic conditions prior to or during certain common driving maneuvers, such as 
interception U-turns, and pulling into moving traffic from a roadside. 



Description of the Related Art 

[0002] There are many types of vehicles which, during the routine course of their operation, 
are exposed to hazardous traffic conditions. Police cruisers and highway patrol vehicles 
often must re-enter moving traffic from a roadway shoulder after detaining another vehicle, 
or when intercepting a vehicle for speeding or another violation. Law enforcement vehicles 
operating on divided highways and boulevards often make U-turns to intercept a vehicle 
traveling in the opposing lanes, or to respond to a dispatch call. 

[0003] However, law enforcement vehicles are by no means the only type of vehicle which 
routinely must operate in hazardous traffic conditions. For example, another emergency 
vehicle such as an ambulance or fire truck may also have to return to the roadway from a 
stopped position on the shoulder (e.g. after completing a call to an injury, wreck, or fire), or 
may have to make a U-tum to respond to a fire call or medical emergency. 
[0004] Non-emergency vehicles also may have to make similar maneuvers, such as a 
construction or street maintenance vehicle, or a utility vehicle (e.g. telephone, electrical, 
water, sewage or natural gas service truck or van, or school bus). When completing a job or 
when attempting to arrive at a place for a job near or on a roadway, these types of non- 
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emergency vehicles may be exposed to the same traffic hazards as a police vehicle, 
ambulance, or fire truck. 

[0005] Therefore, the following description of certain hazardous situations applies equally 
well to all of these types of vehicles, and not just to police and highway patrol vehicles. For 
the remainder of this disclosure, we utilize the term "primary vehicle" to refer to any vehicle 
which is subjected to a potentially hazardous traffic condition, such as a police or trooper 
vehicle, or alternatively another emergency or non-emergency vehicle as previously 
described. Additionally, we employ the term "secondary vehicle" as a vehicle which may be 
involved in a particular scenario, the position and condition of which the operator of the 
primary vehicle is aware, such as a vehicle a patrolman has detained alongside a road, or a 
vehicle which an ambulance or fire truck is servicing. Further, we wiW refer to other vehicles 
which pose a potential danger to the primary vehicle as a "closing vehicle", such as a vehicle 
which is moving in a lane of traffic in which the primary vehicle is entering, and especially of 
which the operator of the primary vehicle may not be aware. 

[0006] Police cruisers and highway patrol vehicles are generally supplied with several types 
of equipment, including an enhanced engine, suspension, and braking systems, as well as 
voice and data communication equipment. Such vehicles are also equipped with a variety of 
rotating beacons, strobe lights, and LED warning indicators, which, when used separately or 
in conjunction with a siren, can provide warning to other motorists of the patrol vehicle's 
status and position. Many law enforcement vehicles are also equipped with radar guns 
which can determine the speed of a target vehicle in traffic, mainly for the purposes of 
enforcing roadway speed limits. While these types of devices are useful in many applications 
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of law enforcement, they provide inadequate safety to the officers operating the patrol vehicle 
in certain scenarios. 

(0007) For example, in one common law enforcement scenario ( 1 0) as shown in Figure 1 , a 
trooper vehicle T is traveling in a first direction at an initial position (14) on a lane (12) of a 
divided highway, wherein the divided highway also has a median (13) and an opposing traffic 
lane (11). 

[0008] Initially, the trooper may be measuring the speeds of vehicles in the opposing traffic 
lane (11), using a police radar unit, such as determining the speed of vehicle A in an initial 
position (1 5) in front of the trooper vehicle T in its initial position (14). At this point, the 
police radar unit has a line-of-sight (17) from the trooper vehicle T to the vehicle A. 
[0009] When the trooper decides to intercept vehicle A, he must make a U-turn maneuver 
(18) through the median (13), falling into a pursuit position (14') traveling in the opposing 
lane (11) behind vehicle A, which has now moved to position A (15'). 
[0010] However, if another vehicle B is also traveling (16) in the opposing lane (11) at the 
time of the trooper's U-turn maneuver (18), there may be a danger of a collision with the 
trooper's vehicle. Vehicle B may not be initially visible when the trooper turns due to poor 
roadway lighting, inclement weather, or another visual impediment. As the trooper must 
slow his speed during the U-turn, and regain highway speed following the U-turn, vehicle B 
may be closing on the trooper vehicle at a considerably faster speed. If the trooper is 
operating the emergency lights (e.g. strobes, beacons, etc.) or the siren, the operator of 
vehicle B may be alerted to the danger of collision with the trooper, but the trooper is 
provided no warning of the potential collision. 
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(0011] In this particular scenario, the trooper vehicle T represents a primary vehicle, the 
intercepted vehicle A represents a secondary vehicle, and the vehicle B with which a collision 
danger exists is the closing vehicle. In alternate versions of this scenario, the primary 
vehicle may be a fire truck, ambulance, utility van, school bus or maintenance truck. Even 
though there may not be an intercepted vehicle in such a variation of this scenario, there 
certainly can be a closing vehicle which presents a collision danger when the primary vehicle 
is making a U-tum. 

[0012] In another common law enforcement scenario (20) as illustrated by Figure 2, a 
trooper vehicle T (24) is initially stopped (24) alongside (21) a roadway (22), sometimes with 
a detained vehicle A, which is also stopped (25). Alternatively, the trooper vehicle T may 
not be accompanied by a detained vehicle A, such as the case when a trooper is "speed 
trapping" or investigating a situation to the side of the road. 

[0013] As the trooper's transaction with the detained vehicle is completed, or when the 
trooper decides to return to patrol, he executes a driving maneuver (23) to return to the 
roadway (22) by pulling into the closest lane of traffic, such as by driving into position (24'). 
However, there may be another vehicle B traveling (26) in this same lane, approaching the 
trooper's position (24'). As the trooper is in transition from being stopped to achieving 
highway speed, the speed difference between the other vehicle B and the trooper's vehicle T 
may be great, thereby increasing the danger of a collision. As with the previously described 
scenario, the trooper's vehicle's emergency lights, if engaged, may provide some warning to 
the operator of the other vehicle B, but do not warn the trooper of the impending danger. 
[0014] In this second scenario, the trooper vehicle T again represents a primary vehicle, the 

Page 5 



ACI2003-001 Patent 

detained vehicle, if any, represents a secondary vehicle, and the vehicle with which a 
collision potential exists represents the closing vehicle. In other scenarios such as this, a 
fire truck, ambulance, utility van, or maintenance truck may represent the primary vehicle. 
[0015] Therefore, there is a need in the art for a system and method which provides 
5 detection of such possibly dangerous traffic conditions, and which provides an alerting 
function to a vehicle operator. 
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SUMMARY OF THE INVENTION 



Patent 



[0016] The present invention provides a detection and alerting system for the operator of a 
primary vehicle, preferably in conjunction with a Doppler Direction Sensing Radar 
5 ("DDSR"), and alternatively with other types of radar such as a pulsed time-of-flight radar or 
pulsed Doppler radar. Parameters regarding the state of a primary vehicle, such as speed and 
gear, as well as parameters regarding the status of a closing vehicle are determined using 
DDSR functionality. A logical process then determines if a dangerous condition may exist, 
as defined by one or more user preferences. 

10 [0017] If the predetermined thresholds or conditions are found to exist, an alert such as an 
audible tone and/or a visual indicator is issued to the primary vehicle operator. By allowing a 
user to set various thresholds and preferences, the system can be inhibited fi-om issuing alerts 
except for conditions which the operator considers to be dangerous. Such user preferences 
may include, but are not limited to, difference of primary vehicle and closing vehicle speeds, 

15 minimum distance from primary vehicle to closing vehicle, minimum time to collision, and 
automatic triggering methods and thresholds. Manual triggering of the traffic alert 
functionality is also provided in order to allow an officer to start a check for potentially 
dangerous traffic prior to executing or during a traffic maneuver. 

[0016] The invention enhances safety for law enforcement officers during routine traffic 
20 maneuvers, while simultaneously allowing a conmion user interface (e.g. the radar gim 
controls and display) to be used by the officer, thereby minimizing training and learning 
requirements. Additionally, by integrating into typical DDSR units, the present invention 
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can be provided at an attractive cost to public safety departments, and can be installed in a 
vehicle without additional equipment weight or power consumption. 
[0017] As many jurisdictional agencies such as city, county, state and federal governments, 
often operate other, non-emergency vehicles in their fleets, there exists an economic 
advantage to considering equipping these other non-emergency vehicles with the traffic alert 
system, even though those vehicles do not need the equipment for other law enforcement 
purposes. For example, by purchasing enough traffic alert systems to equip a municipal 
police force as well as all street maintenance vehicles, city fire vehicles, and ambulances, the 
safety of the operation of all these vehicles can be enhanced. Use of the same equipment on 
all of these vehicles allows the city to realize economic and efficiency advantages due to 
common installation, maintenance, and training. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] Figure 1 illustrates a common U-turn maneuver. 

[0019] Figure 2 illustrates a common maneuver performed when a vehicle returns to traffic 
following a standing period at the side of a road. 

[0020] Figure 3 shows an improved scenario during U-tum maneuvers according to the 
present invention. 

[0021] Figure 4 shows the improved scenario during maneuvers to return to patrol or the 
roadway after being stopped, according to the present invention. 

[0022] Figure 5 illustrates the general organization of a police Doppler Direction Sensing 
Radar unit. 

[0023] Figure 6 provides a more detailed perspective of a police DDSR unit. 

[0024] Figure 7 depicts a profile of vehicle speed versus time during U-tum maneuvers, 

which is employed as a trigger condition according to the present invention. 

[0025] Figure 8 depicts a profile of vehicle speed versus time during maneuvers to return to 

patrol after being stopped, which is employed as a trigger condition according to the present 

invention. 

[0026] Figure 9 shows one embodiment of a logical process for detecting preliminary alert 
conditions according to the present invention. 

[0027] Figure 10 shows one embodiment of a logical process for determining ancillary alert 
conditions according to the present invention. 

[0028] Figure 1 1 provides an architectural illustration of a traffic alert system according to 
the present invention. 



Page 9 



ACI2003-001 Patent 
[0029] Figure 12 shows a time-variant radar signal transmission frequency employed to 
provide range measurement from a primary vehicle to a closing vehicle. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0030] The present invention is preferably realized as a functional enhancement to a police 
Doppler Direction Sensing Radar. The present invention may be embodied as software, 

5 hardware, or a combination of software and hardware. As such, we first present information 
regarding such DDSR units. Additionally, we will provide certain examples of usage of the 
present invention with respect to law enforcement vehicles, which we will collectively refer 
to as 'trooper vehicles". However, usage of the present invention is not limited to law 
enforcement vehicles, but also includes all types of vehicles which may benefit from 

10 improved safety during operation such as other emergency vehicles and non-emergency 
vehicles. 

Enhanced Safety Scenarios using Our Traffic Alert System 

[0031] Turning to Figure 3 and revisiting the dangerous traffic scenario (10) discussed in 
15 conjunction with Figure 1 , our enhanced DDSR with Traffic Alert function uses the rear 
looking radar capabilities of the DDSR to help detect (19) potentially dangerous oncoming 
traffic conditions following a U-tum maneuver (18). The enhanced scenario (10') shown in 
Figure 3 provides greater safety to the officer or operator of a primary vehicle equipped with 
our Traffic Alert System. 
20 [0032] For example, in this improved scenario, the Traffic Alert system determines 

parameters regarding the operation of the primary vehicle (e.g. a trooper vehicle or other 
vehicle) such as speed variations indicating the execution of a U-tum maneuver. Such speed 
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variations can be determined and tracked by use of a primary vehicle speed sensing ("VSS") 
function within the police radar unit, by input from the speedometer of the primary vehicle, 
or both. 

[0033] The Traffic Alert system also determines certain parameters regarding the state of a 
closing vehicle B , and then determines if a potentially dangerous situation exists according 
to the user's preferences and thresholds (e.g. is there enough time to avoid collision, is the 
closing vehicle approaching too fast, etc.). If so, an alert is issued to the operator of the 
primary vehicle, such as a beep or tone, visual indicator, or both. This alert may allow the 
operator of the primary vehicle to take evasive action to avoid the collision, such as pulling 
back onto the shoulder or median of the road, or changing lanes. 

[0034] Now turning to Figure 4 and revisiting the dangerous traffic scenario discussed in 
conjunction with Figure 2, the rear looking radar capabilities of the DDSR are utilized to help 
detect (19) potentially dangerous oncoming traffic conditions prior to or following a 
maneuver (23) to return to the roadway following a roadside stop or when retuming to patrol. 
The scenario (20*) shown in Figure 4 provides greater safety to the operator of the primary 
vehicle by detecting certain parameters with respect to the state of the primary vehicle T, 
such as transitioning from a stopped state to a moving state using the speed sensing 
capabilities of the police radar unit, and by determining certain parameters with respect to the 
state of the closing vehicle B, such as its speed, distance, time to collision, etc. 
[0035] Then, the Traffic Alert system determines if any of the preferences or thresholds set 
by the user are met or exceeded, such as minimum time to collision or maximum speed 
difference between the primary vehicle and the closing vehicle. If any of these preferences or 
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thresholds are met or exceeded, an alert is issued to the operator of the primary vehicle to 
enable evasive action. 



DDSR Platform 

5 [0036] Figure 5 illustrates a high-level block diagram (50) of a typical Doppler Direction 
Sensing Traffic Radar, A typical DDSR includes a power source (55), such as the vehicle 
battery or generator, a forward looking antenna (51), a rearward looking antenna (54), a radar 
core unit (52), and a set of displays (e.g. LCD panel, LED digits, indicators, annunciators, 
etc.) and controls (e.g touch-screen panel, switches, knobs, etc) (53). 

10 [0037] The directional antennas (5 1 , 54) transmit radar energy in front of and behind, 

respectively, the trooper vehicle, such that the energy may be reflected back to the trooper 
vehicle by vehicles in front of or behind the trooper vehicle. Changes in return signal 
amplitude, frequency (e.g. Doppler shift), and time for energy retum are used to determine a 
target vehicle's speed and direction, which is displayed by the DDSR. 

15 [0038] Figure 6 provides a more detailed view (60) of such a typical DDSR unit, including 
one or two radar front end circuits (61,61') and antennas (51, 54), a microprocessor or digital 
signal processor ("DSP") (62), and the user interface devices (65). The microprocessor or 
DSP (62) executes one or more firmware and software fimctions to receive radar data (64, 
64') from the front ends, to control the transmission characteristics of the front ends (63, 63'), 

20 to perform Fast Fourier Transforms ("FFT") calculations, to determine if certain logical 

conditions exist, to execute other methods and processes, to produce visible and audible user 
alerts and indications (66), and receive user selections, preferences and controls (67). 
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[0039] While DDSR units such as these are employed in our preferred embodiment or in 
conjunction, the present invention may be realized in association and cooperation with other 
suitable DDSR units, as well. 



Primary Vehicle Speed Sensing or Estimation 

[0040] If the speed of a trooper vehicle or other primary vehicle is ascertainable, then the 
police radar can be used not only while the trooper vehicle is standing still, but also while it 
is in motion. Generally speaking, if a police radar unit is equipped with the capability of 
determining the speed of the trooper vehicle in which it is traveling, it can accurately 
determine the relative speed of a closing vehicle, and thus the absolute (real) speed of the 
closing vehicle. By determining the speed of the patrol unit, and adding or subtracting this 
value to the detected relative speed of a target vehicle (depending on the relative direction of 
the target vehicle), the actual speed of the target vehicle can be determined. This ability to 
determine the speed of the primary vehicle is useful to the present invention, as well, as the 
invention may examine the pattern of speed variations over time to determine if certain 
driving maneuvers are being executed such that a search for potentially dangerous closing 
vehicles should be performed. 

[0041] Many methods for determining the speed of a vehicle or piece of equipment are well 
known in the art, such as the use of Global Positioning System information to determine rate 
of travel, or making inertial measurements to determine speed. In a simple method, a 
speedometer reading may be employed to determine speed of a vehicle in which a police 
radar unit is installed. 
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[0042] Some police radar units, however, use their own radar transmission and reception 
capabilities to sense the trooper vehicle speed, which then allows the unit to make speed 
measurements of target vehicles while the trooper vehicle is in motion. 
[0043] In these existing police radars, the primary vehicle speed is determined by searching 

5 the Fourier components of the Doppler return signal for radar reflections from stationary 
objects such as billboards, trees, the ground, etc. Usually, the strongest signal component 
represented a return from the ground or another stationary object. However, that is not always 
true, and false patrol speed signals could be locked onto and tracked if another signal from, 
for example, a truck with a large radar cross section is the strongest signal in the spectrum. In 

10 other words, the fact that a radar return signal is the strongest signal in the spectrum does not 
guarantee that it is from a stationary object and represents the patrol speed. 
[0044] To resolve that ambiguity, some of these radars use digital signal processing to 
examine the shape of the Fourier component spectrum around the peak which the radar thinks 
is the patrol speed return from a stationary object. Primary vehicle speed returns typically 

15 have an asymmetrical shape around the peak, and some other police radars take advantage of 
this fact by examining the shape of the spectrum around each peak which is suspected of 
being a primary vehicle speed return to determine if the characteristic asymmetric shape was 
present. 

[0045] At least one method allows the police radar unit to self-calibrate itself with the 
20 assistance of input from the primary vehicle's speedometer, such as the system described in 
U.S. Pat. 6,501,418 entitled "Patrol Speed Acquisition in Police Doppler Radar" to Aker. In 
this system, speed pulses from the primary vehicle's speedometer are used to steer a search 
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by a digital signal processor on a Fourier transform based police Doppler radar to find the 
correct patrol speed from stationary object returns. The system initially calibrates itself by 
finding the correct ratio between primary vehicle's speed sensor (e.g. speedometer) output 
frequency and true vehicle ground speed. By calibrating itself, it allows a portable police 
radar unit to be moved easily from one car to another with different speed versus frequency 
characteristics of their speedometers. Alternatively, this system can skip or omit the self- 
calibration process, resorting to operation similar to other police radars to find the ground 
speed without any speedometer input at all. 

Sensing Direction of a Closing Vehicle 

[0046] Some DDSR units can determine the direction of a vehicle being monitored relative 
to the direction of travel of the trooper vehicle (e.g. same direction as patrol vehicle, opposite 
direction as patrol vehicle), as well as the lane of the vehicle being monitored (e.g. same lane, 
opposing lane). Methods for determining direction of a closing vehicle using radar signals 
are known in the art. The knowledge of the direction of a vehicle which is vsdthin view of the 
police radar unit is useful for the present invention in order to eliminate vehicles from 
consideration which are moving away from the primary vehicle, thus do not provide a 
collision danger to the primary vehicle. 

[0047] One police radar unit which provides direction sensing is described in U.S. Pat. 
No. 6,198,427 entitled "Doppler Complex FFT Police Radar with Direction Sensing 
Capability", issued to Aker, et al. In this unit, a quadrature front end which mixes received 
RF with a local oscillator to generate two charmels of doppler signals is employed, with one 
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channel being shifted by an integer multiple of 90 degrees in phase relation to the other 
channel by shifting either the RF or the local oscillator signal being fed to one mixer but not 
the other. The two Doppler signals are digitized. The digital samples fi'om each channel are 
then processed by a digital signal processor using a complex FFT resulting in a receding 
5 target spectrum and an approaching target spectrum of Fourier components. This particular 
patent discloses several single mode radars detailing the maimer of processing the two half 
spectra of receding and approaching targets to find either the strongest target alone or the 
fastest target alone in various stationary, moving same lane or moving opposite lane 
operation, and it also discloses a multimode digital FFT, direction sensing, doppler radar 

10 where the operator can select between the following modes of stationary, strongest only, 

receding only; stationary, strongest only, approaching only; stationary, strongest and fastest, 
approaching only; stationary, strongest and fastest, receding only; moving, same lane only, 
strongest only; moving, same lane only, strongest and fastest; moving, opposite lane only, 
strongest only; and moving, opposite lane only, strongest and fastest, 

15 [0048] According to the disclosed fastest search methods, samples are collected which were 
digitized at a known gain level by virtue of using the DSP to control the gain of an amplifier, 
and the two amplifiers in the two channels. A strongest search is performed first, preferably, 
maintaining a record of some number of the strongest signals in the spectrum such that the 
fastest target candidates can be screened to eliminate false fastest targets. A fijrther degree of 

20 refinement in the fastest target screening process is provided by using the controlled gain 

amplifiers to amplify the Doppler signals before they are digitized. By knowing the gain that 
was in effect as each batch of samples were gathered, it is possible to calculate the true power 
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of any signal in the spectrum from its apparent or relative power and the gain that was in 
effect when the samples were collected. This allows fastest target candidates to be not 
rejected even if they are at a frequency that is a double or triple of the trooper vehicle speed 
or a strong signal if the trooper vehicle speed or strong signal does not have a true power that 

5 exceeds an experimentally determined harmonic generation threshold. 

[0049] Likewise, a fastest candidate that has a frequency that happens to be at the sum of 
the frequencies of two strong signals need not be eliminated if the true powers of the two 
strong signals do not exceed power thresholds which are experimentally determined to be 
likely to cause intermodulation products to exist. This has the significant advantage that it 

10 does not blind the radar to legitimate fastest targets if the underlying strong signals are not 
strong enough to have caused harmonics or intermodulation products. 
[0050] Even though this particular unit is employed in our preferred embodiment, it is also 
possible to employ other known methods of closing vehicle direction sensing for the purposes 
of achieving the present invention. 

15 

Estimating Range from Primary Vehicle to Closing Vehicle 

[0051] Methods and circuits for estimating the range or distance from a primary vehicle to a 
closing vehicle are also well known in the art, and are provided by the DDSR platform in our 
preferred embodiment. In alternate embodiments, the addition of a ranging fimction to a unit 
20 may be required to realize certain aspects of the present invention. Having a range estimate 
is usefiil to the present invention such that the invention may determine a predicted time to 
impact with the primary vehicle. By using the range and speed of the closing vehicle. 
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coupled with the speed of the trooper vehicle, a determination can be made of how long the 
operator of the primary vehicle has to react to the closing vehicle. If the time prediction 
exceeds a user-set preference, then the closing car may not be considered a danger and an 
alert may not be issued. Otherwise, an alert is made to allow the operator of the primary 
vehicle maximum chances to take evasive action. 

[0052] A variety of ranging techniques are available in the art, such as that described in 
U.S. Pat. No. 4,740,045 entitled "Multiple Parameter Doppler Radar" to Goodson, et al As 
a ranging function is highly beneficial, but not critical, to realization of the present invention, 
we tum to Figure 12 to discuss one known ranging technique. The radar Doppler signal is 
continuously transmitted while its frequency is varied by AA between a first frequency /, and 
a second frequency /j, such that the signal (1210, 1203, 1202, 1204) varies over time in two 
states, forming two signals which are reflected from a target to the DDSR unit. 
[0053] For example, the radar signal frequency may be varied between 35.000 and 35.005 
Ghz. The two reflected signals are down converted, and the Doppler components are 
recovered, using conventional means. Through a process of separation, filtering, and 
squaring, the approximate range to the target vehicle can be determined by measuring the 
magnitudes of the phase angle between the two recovered Doppler components. 
[0054] A microprocessor or DSP control signal is employed by the software to vary the 
frequency of the radar signal transmission, a fiinction which can altemately be performed by 
circuitry, as well. After determining the approximate range to the impending vehicle, the 
range value can be compared to a threshold value such as a user preference (e.g. minimum 
distance to vehicle alarm setting), and an alert can be issued if the threshold is met or 
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exceeded. 

[0055] Alternate, known techniques for ranging may be employed, as well, such as using 
return signal strength to estimate range. In our preferred embodiment of the invention, the 
resolution of the range needs only to be within several yards to allow for an approximate 
range determination, and subsequently for an approximate time to collision calculation. 



Our Traffic Alert Function 

[0056] As previously stated, the present invention is preferably realized as a software 
feature within a suitably configured microcontroller-based or digital signal processor-based 
police radar unit such as the aforementioned DDSR units. 

[0057] Figure 1 1 provides an architectural block diagram representing an enhanced police 
Doppler Direction Sensing Radar unit (200), such as the one previously described, which 
includes at least one radar antenna (201), a radar front end (202), a user interface (205) for 
control and display, and a target vehicle speed determination fimction (203). Some of these 
functions may be implemented entirely in hardware circuitry, entirely in software 
fimctionality, or in a combination of hardware and software. 

[0058] Further according to a preferred embodiment, the enhanced DDSR unit (200) has 
direction sensing functionality (204) to measure speeds of vehicles moving in the same 
direction of orientation of the law enforcement vehicle (e.g. a rear looking radar), and 
optionally has the capability to measure speeds of vehicles moving in the opposing direction 
of orientation of the law enforcement vehicle (e.g. forward looking radar). 
[0059] Additionally, the preferred embodiment includes any or all of the advanced 
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functions previously described, including a primary vehicle speed determination function 
("VSS") (205), and target range finding function (206). Some of these functions may be 
implemented entirely in hardware circuitry, entirely in software functionality, or in a 
combination of hardware and software. 

[0060] Further, the enhanced DDSR unit includes certain logical processes for our Traffic 
Alert Function (208), preferably embodied in a firmware module which is executable by the 
microprocessor or DSP. Alternatively, the Traffic Alert Function may be realized in part or 
entirely in circuitry. 

[0061] The logical processes of the present invention includes three phases: 

(1 ) in the first phase, one or more parameters about the state of movement of the 
primary vehicle are determined and considered, which we will refer to as 
"preliminary conditions"; 

(2) in the second phase, one or more parameters about the state of movement of 
the closing vehicle are determined and considered, which we will refer to as 
"ancillary conditions"; and 

(3) in the third phase, an alert is issued to the operator of the primary vehicle 
if the preliminary conditions and the ancillary conditions indicate that a 
potentially dangerous situation exists with respect to the primary and closing 
vehicles, in consideration of a number of user preferences and thresholds. 
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First Phase: Detecting Preliminary Conditions Preceding an Alert 

[0062] The preferred embodiment of the present invention detects and considers most or all 
of the following logical and physical preliminary conditions which indicate a traffic alert 
detection should be performed. However, it will be readily recognized by those skilled in the 
5 art that not all of the following conditions must be detected to realize the present invention, 
but that a subset of these conditions may be employed in alternate embodiments. 
[0063] Further according to our preferred embodiment, a set of user preferences are 
established which control which conditions and their thresholds are detected for each 
individual Traffic Alert unit, thereby allowing a primary vehicle operator to customize the 
10 alerting function for his or her risk perception. 

[0064] In a U-tum maneuver scenario as previously described and illustrated in Figure 3, 
the preliminary conditions include, but are not limited to: 

(a) a relatively sudden slowing of a primary vehicle velocity Vj(t) from an initial 
15 speed V, , to a speed Vj, and subsequently rapidly accelerating or returning to 

a greater speed V3 , especially when the subsequent speed V3 is much greater 
than the initial speed Vj indicating the start of a pursuit, a speed pattern which 
is characteristic of a U-tum maneuver as shown in Figure 7; 

20 (b) the condition of the primary vehicle gear selector being in a "Drive" state 

during the velocity transitions, as shown in Figure 7; or 
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(c) activation of a "traffic alert check" control by a user (e.g. manual triggering of 
the traffic alert function). 



[0065] In a common scenario involving a maneuver to return to the roadway following a 
period of standing or slow driving alongside the roadway as previously described and 
illustrated in Figure 4, the preliminary conditions include but are not limited to: 

(d) an increase from a primary vehicle velocity Vj(t) of initial speed V4 which is 
stopped (or nearly stopped) at time t^ , followed by acceleration or reaching a 
subsequent speed V5 at time ty, indicative of a return to traffic speeds, as 
shown in Figure 8; 

(e) a change from a primary vehicle transmission setting of "Park" or "Neutral" 
at time to a setting of "Drive" at time , indicative of returning to travel 
after a roadside stop or when beginning an interception of a vehicle traveling 
in the same direction as the primary vehicle; 

(f) recent radar acquisition (41 as shovm in Figure 4) of secondary vehicle C in 
either direction relative to the primary vehicle within a specified recent period 
of time; or 

(g) activation of a "traffic alert check" control by a user (e.g. manual triggering of 
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the traffic alert function). 
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[0066] Primary vehicle speed changes may be detected by monitoring the speedometer of 
the primary vehicle, employing a Global Positioning System, monitoring an accelerometer 
5 unitT&rusing'the previously described VSS function of a typical DDSR. 

[0067] Changes in the transmission setting of the primary vehicle may be monitored via 
signal input from the primary vehicle's control computer or transmission controller, such as 
by input from a Controller Area Network ("CAN") automotive control bus. 
[0068] Determination of whether or not a radar target has been acquired within a recent 

10 period of time can be made using software timing loops or hardware timers commonly found 
on microcontrollers and DSPs, combined with signal conditions of the radar front ends and 
results of the target vehicle speed, range, direction, return strength, etc., functions. 
[0069] Manual triggering may be made by depressing a button on the DDSR control panel. 
[0070] Turning to Figure 9, one available embodiment (90) of a logical process according 

15 to the present invention for detecting the existence of one or more preliminary conditions is 
shown, which includes logic for both stationary and moving alerting modes. Altemate 
embodiments including stationary-only, moving-only, automatically-triggered only, and 
manually-triggered only processes may be realized through employing subsets of the steps 
shown. Choice of programming language and methodology can be made according to the 

20 target microprocessor or DSP of the DDSR which is to be enhanced with the invention. 

[0071] The process starts (91) by determining (92) if the primary vehicle is moving or not 
(alternatively if it is in Park or Drive gear selection). If it is moving, then moving alert 
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condition monitoring is performed (93), unless the user has disabled moving alert mode. If 
the primary vehicle is not moving, then stationary alert condition monitoring is performed 
(93), unless the user has disabled stationary alert mode. 

[0072] When one or more stationary conditions are met (or exceeded) (96) according to the 
5 user preferences and threshold settings (95), processing proceeds (97) to ancillary condition 
consideration. 

Second Phase: Detecting Ancillary Conditions Prior to an Alert 
[0073] Before issuing a traffic alert indication to the operator of the primary vehicle, 
10 several other ancillary conditions are preferably determined and checked, either individually 
or in combination. However, as it will be readily recognized by those skilled in the art, not 
all of the following ancillary conditions must be detected to realize the present invention. 
Alternatively, a subset of the following conditions may be detected individually or in 
combination with others. 

15 [0074] According to our preferred embodiment, additional user preferences are established 

which control the ancillary conditions and their thresholds. Our ancillary conditions include, 
but are not limited to: 

(h) determination of the speed of the closing vehicle exceeding a maximum 
20 preferred real (e.g. absolute) speed; 

(i) determination of the speed of the closing vehicle exceeding a maximum 
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preferred speed relative to the primary vehicle speed (e.g. maximum allowable 
closing speed); 



(j) determination of a distance to the closing vehicle from the primary vehicle 
position as being at or below a minimum preferred distance (e.g. a closeness 
threshold); and 

(k) determination that an estimated time to collision by the closing vehicle with 
the primary vehicle is below a minium preferred time for evasive 
maneuver by analyzing the estimated speed of the potentially dangerous 
vehicle and its range to the trooper vehicle position (e.g. generally determining 
a closing speed by subtracting the speed of the trooper vehicle from the speed 
of the dangerous vehicle, and dividing the closing speed by the estimated 
range to the dangerous vehicle to yield a time-to-collision estimate). 

[0075] Determination of the speed of the potentially dangerous vehicle is made in the 
customary maimer by the usual DDSR functions, and this speed estimate is then compared by 
the new Traffic Alert function to a pre-determined threshold value. 
[0076] Determination of the distance to the potentially dangerous vehicle is made using a 
typical radar ranging function and compared to a threshold value. 

[0077] Determination of an approximate or estimated time to collision between the primary 
vehicle and the closing vehicle is made by dividing the difference of the closing vehicle 
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speed and the primary vehicle speed by the approximate range to the closing vehicle, all 
calculations of course being scaled to compatible units of time and distance, and by 
comparing the distance value to a threshold value such as a user preference value (e.g. 
minimum time to collision alarm setting). 

[0078] An example embodiment (1000) of ancillary condition processing is shown in 
Figure 10. Ancillary condition analysis (1001) is performed as previously described, and if 
(1002) any of the ancillary conditions or thresholds as set by the user preferences (95) are met 
(or exceeded), an alert is issued (1003) according to the user preferences (e.g. audible only, 
visible only, audible with visible, etc.). 

Third Phase: Alerting the Operator of the Primary Vehicle 

[0079] Upon determination that a traffic alert should be issued because at least one 
preliminary or trigger condition and at least one ancillary condition have been detected, the 
enhanced DDSR alerts the driver in one or more of the following manners: 

(1) issues an audible alert such as a beep, buzz, chime, or voice warning through 
the aimunciator of the DDSR; 

(2) issues a visible alert such as an illuminated indicator, a flashing indicator, or 
an icon on a display; or 

(3) issues both an audible alert and a visible. 
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[0080] According to a preferred embodiment, a manual alert cancellation control is 
provided on the user interface to allow the user to cease the alert indicator or sound, and an 
automatic cancellation is performed according to a user preference alert time period value if 
no manual cancellation is performed. 



Conclusion 

[0081] The present invention has been disclosed in general terms as well as with specific 
examples and descriptive illustrations. It will be recognized by those skilled in the art that 
the scope of the present invention is not limited to these illustrations and examples, and that 
the present invention may be realized in a number of alternate forms, and used in conjunction 
with a wide variety of vehicle types in order to enhance the safety of their operation. 
Additionally, the present invention may be realized in conjunction with other types of radar 
systems, such as pulsed time-of-flight or pulsed Doppler systems. 

[0082] Further, certain details of preferred embodiments have been described, but it will be 
recognized by those skilled in the art that many substitutions and variations may be made 
from the disclosed embodiments without departing from the spirit and scope of the invention. 
Therefore, the scope of the invention should be determined by the following claims. 



Page 28 



